Rotaviruses have been reported as the main infectious cause of diarrhea in young calves in the United Kingdom (25, 27) , and they are an important etiologic agent of diarrhea in the United States and other countries (4, 9) , as well as in Argentina (2) . Recently, an inactivated rotavirus vaccine administered in an oil adjuvant to pregnant cows was shown to be effective in the passive prevention of calf diarrhea in beef herds in Argentina (1) . The vaccine was developed by using a local strain of bovine rotavirus that belonged to serotype 6. This serotype has been reported to be the most common in the United States (32) , in the United Kingdom (24, 26) , and in preliminary studies in Argentina (R. Bellinzoni, unpublished data).
This paper reports the analysis of the antigenic variation of rotavirus strains isolated from beef and dairy herds in Argentina. These studies were done using a conventional focus reduction neutralization assay and a serotyping enzyme-linked immunoassay (ELISA) which allowed a more rapid analysis of a large number of samples. In addition, the genomic double-stranded RNA patterns from different rotavirus strains were studied by polyacrylamide gel electrophoresis (PAGE). The antigenic variation of rotaviruses isolated from both beef and dairy herds was evaluated because this information is important for the development of all-inclusive calf diarrhea prevention programs. Specifically, we wanted to be able to determine whether vaccination affords heterotypic protection in calves and whether it results in the appearance of new rotavirus serotypes.
The cultivable bovine rotaviruses UK, B678, NCDV, and B223 were used. Argentinian strains of bovine rotavirus (T14, T15, T18, T21, T26, T47, T51, T67, T82, T86, and  T149) were isolated from fecal samples obtained from diarrheic calves. Viruses were adapted and propagated in MA104 cells as previously described (2) . Before character-* Corresponding author. ization, each strain was purified by two cycles of passage in cells at terminal dilution. All tissue-culture-adapted viruses were shown to be the same type as those in the original fecal sample by PAGE of viral RNA. Guinea pig hyperimmune sera against strains UK, NCDV, B223, B678, T21, T26, and T82 were produced as described by Gaul et al. (12) .
Group A rotavirus-positive stool samples were collected for a previous survey in which different diarrheic etiologic agents were studied in beef and dairy herds (R. Bellinzoni, J. Blackhall, N. Auza, H. Terzolo, N. Mattion, A. Moreira, A. Casaro, J. LaTorre, and E. A. Scodeller, submitted for publication). Analysis of genomic double-stranded RNA from different rotaviruses was performed as previously described (28) .
A serotyping ELISA using polyvinyl chloride microtiter plates (Dynatech Laboratories, Inc., Alexandria, Va.) was developed with a procedure modified from Burns et al. (5 6 virus if the OD414 was at least three times the mean of the OD414s obtained with non-serotype 6 rotaviruses. Samples were considered untypable when they were negative with the serotype 6 MAb and when the OD414 obtained with the common VP7 MAb failed to be at least three times the mean OD414 obtained with rotaviruses treated with 50 mM EDTA (single-shelled particles).
Neutralization assays were done by using the immunoperoxidase focus reduction assay (IPFRA), previously described by Gerna et al. (13) . This assay was performed in 96-well tissue culture microtiter plates (NUNC, Roskilde, Denmark). Confluent MA104 cell monolayers were washed three times with Eagle medium lacking fetal bovine serum. Viruses were pretreated with 10 ,ug of trypsin per ml and then diluted in serum-free medium to yield approximately 200 focus-forming units per 0.1 ml. Equal volumes of diluted virus suspension and serial twofold dilutions of serum (or serum-free Eagle medium for the virus control) were incubated for 2 h at 370C, and then 0.1 ml of each mixture was added to duplicate wells. The plates were incubated for 18 h at 37°C, fixed with 80% acetone, and stained by IPFRA (13) . Tetra-hydrochloride 3,3'-diaminobenzidine (Sigma) was used as the substrate. The neutralization titer of each serum was determined as the reciprocal of the highest dilution of serum giving an 80%-or-greater reduction in the number of stained cells, compared with the virus control wells. Neutralization titers with a 20-fold-or-greater two-way difference in titer were used as the criteria for serotype distinction between different viruses (16, 24) .
The serotypes of 11 rotavirus strains (5 from dairy herds and 6 from beef herds) adapted to growth in MA104 cells were determined with hyperimmune guinea pig serum prepared against the UK bovine strain. The six virus strains isolated from beef herds cross-reacted with the UK strain, and the five strains isolated from dairy herds were not neutralized by this serum (data not shown).
Two Table 1 shows the neutralization assay results obtained. The T82 strain showed a two-way cross-reaction with both UK and NCDV strains (serotype 6). Strains T51 and T67 showed relatedness with T82, UK, and NCDV in one-way analysis and were classified as serotype 6. None of these three strains cross-reacted with the B223 and B678 strains. The non-serotype 6 strains, T21 and T26, showed no crossreactivity with the NCDV or UK strains. Both T21 and T26 were related by one way cross-reaction, and both were related to the B223 strain in two-way cross-reactions.
The T26 strain showed a one-way cross-reaction with the B678 strain. None of the other strains analyzed reacted with B678. When the strains of different origins were compared, none of the dairy herd strains showed cross-reactions with serotype 6, whereas all samples from beef herds were classified as serotype 6. More strains must be analyzed to determine whether this is a general finding.
Serotyping by the neutralization focus reduction assay is time-consuming, labor-intensive, and not practical for analyzing a large number of samples. Therefore, we also developed and evaluated an ELISA using an MAb specific for a neutralizing epitope on VP7 of the UK strain (serotype 6) to allow more rapid characterization of serotype 6 viruses.
First we determined the specificity of the serotyping ELISA by testing prototype human Wa (serotype 1) and DS-1 (serotype 2), simian SA11 (serotype 3), and porcine Gottfried (serotype 4) and OSU (serotype 5) strains (data not shown) and different bovine rotaviruses ( Table 2 ). The serotype 6-specific MAb reacted strongly with the UK, NCDV, and UK-related Argentinian strains, and no reaction was observed with non-serotype 6 strains. An MAb to a common epitope on VP7 was used in the ELISA to determine that all virus strains tested contained the outer capsid. Several strains (B223, B678, and T26) showed a low OD414 reading, probably because they lacked sufficient VP7 to give a strong reaction. However, it is also possible that these viruses lacked the common epitope on VP7 detected by this MAb. One hundred fifteen fecal samples from diarrheic calves containing group A rotaviruses were assayed using the serotyping ELISA. The results are shown in Table 3 . Figure 1 shows some of the electropherotypes analyzed in this study. Only one RNA electropherotype was observed in most of the outbreaks of diarrhea in which only serotype 6 rotaviruses were found. When serotype 6 and non-serotype 6 rotaviruses were detected in a single outbreak, variation in RNA electropherotypes always was observed. A distinct RNA electrophoretic pattern was detected in a sample from (5) . Some authors previously used convalescentphase sera obtained from animals primed orally with virulent viruses. Neutralization assays done with these sera may better evaluate the role of both proteins, but these also show less-distinct reactivities (11, 32) .
The typing sera used in this study were obtained from guinea pigs that were not primed orally, so most of the antibodies probably were directed to VP7. An interesting result of the IPFRA was that two bovine strains (T21 and T26) showed two-way relatedness with the B223 strain isolated in the United States by Woode et al. (32) . These strains showed different RNA electropherotypes in PAGE and were isolated from dairy herds located about 800 km apart. T21 was isolated from a herd in which non-serotype 6 strains predominated, and it showed the same RNA electropherotype observed in four other non-serotype 6 strains detected in the same herd (Fig. 1, lanes 2 to 6) In all herds in which rotavirus was detected serotype 6 was present, and it was usually predominant when more than one serotype was detected in a single diarrhea outbreak. The observation that distinct serotypes possessed distinct viral RNA patterns in PAGE agrees with other recent reports of studies in which ELISA serotyping was used to characterize human rotavirus in combination with RNA electrophoresis. In these cases, changes in the VP7 antigen were associated with concurrent changes ofgenomic RNA electropherotypes (8, 22) . However, additional typing is required to confirm this possibility.
Knowledge of the epidemiological behavior of rotaviruses in cattle will be helpful to elaborate strategies of disease prevention for calf diarrhea. One important observation of this study is the significant difference in serotype distributions between dairy and beef herds. In Argentina, an inactivated oil-adjuvanted rotavirus vaccine has been shown to be effective in beef herds (1). The significant difference in the etiologies of diarrhea and the higher serotypic variation in dairy herds suggest that vaccination on these farms may be less efficient than has been shown in beef herds. However (1, 3, 26 
